ABSTRACT: The horizontal mesoscale distribution of Marenzelleria viridis (Verrill, 1873), a spionid polychaete introduced from North American coastal waters during the 1980s, was studied in shallow water in the southern Baltic (German coast). The polychaete achieved an individual dominance of 80 % and abundances up to around 8500 ind./m z. Samples taken from a small (1.2 m • 1.2 m, 6 x 6 samples, depth 0-35 cm) and a large station grid (5.5 m • 5.5 m, 11 x 11 samples, depth 0-35 cm) were used to calculate dispersion indices for subpopulations of adult and juvenile M. viridis and subdominant chironimids (the Chironomus plumosus and Ch. halophilus complexes). The distribution patterns were significantly patchy. The patch sizes were estimated with the help of the dispersion indices and by analysing the correlograms in which spatial autocorrelations such as Moran's I and Geary's c values were plotted versus the field distance k. The patch sizes were heterogenous. The smallest patches found were 0.04 m z. The largest sizes observed were 9 m 2. It is conceivable that smaller patches merge to form larger aggregations. Calculation of the abundance and rank correlations between subpoputations revealed significant positive relationships. These indicate principal suspension feeding. Sediment structure, substrate preference, feeding mode and biotic or abiotic attraction centres are considered to be the main causes of aggregation and the positive correlations.
INTRODUCTION
Population distributions reflect the dynamics and events of the life cycle, including birth, death and migration (Poole, 1974) . They are influenced by both biotic and abiotic factors, among which only heterogeneity of the environment (e.g. water depth, sediment, exposure), interactions between individuals of one or more species (for instance competition, predation) and, naturally, anthropogenic influences (pollution) will be mentioned as examples (Pielou, 1977; Reise, 1991; Sastre, 1985) .
Most analyses of the small-scale distribution of aquatic life forms analysed (e.g. de Alava & Defoe, 1991; Eckman, 1979; Trueblood, 1991) have dealt with shallow-water areas, but some have been performed for deep sea regions (Jumars, 1975; Jumars & Eckman, 1983 ) and the pelagic zone (McGurk, 1987) . Distribution patterns can be patchy, random, or uniform (Pielou, 1969 (Pielou, , 1977 .
Most species, including mussels (Burla et al., 1974; Sastre, 1985) , meiobenthic crustaceans (Kern & BeU, 1984; Sun & Fleeger, 1991) and other evertebrates (cf. Brey, 1989; Reise, 1987; de Alava & Defoe, 1991; Titmus & Badcock, 1981) are patchily distributed. The distributions of most polychaetes are also characterized by aggregations 9 Biologische Anstalt Helgoland, Hamburg (e.g. Angel & Angel, 1967; Brey, 1989; Reise, 1979) . In contrast, species exhibiting territorial behaviour are usually uniformly distributed (Anderson & Kendziorek, 1982; Gage & Coghill, 1977; Reise, !979; Roe, 1975) . Levin (1981) showed that two spionid polychaetes (Pseudopolydora paucibranchiata, Streblospio benedicti) also fit into this scheme, being uniformly and randomly distributed.
The purpose of our studies was to describe the horizontal distribution pattern of
Marenzelleria viridis (Verrill, 1873) , a spionid from North American coastal waters that appeared in the North and Baltic seas during the 1980s. It has spread rapidly since it first invaded the inland coastal waters of the Baltic sea and is now the dominant species among the macrozoobenthos in many parts of the Baltic (Norkko et al., 1993; Persson, 1994; Zettler et al., 1995) . It is hoped that the results presented here will provide a basis for future macrozoobenthos studies and for the selection of sampling methods that are more suitable for our investigation area.
METHODS
The investigation area ( Fig. 1 ), the series of lagoons (each is a "Bodden" [German] ) south of the Darss-Zingst Peninsula, is northeast of Rostock, has a length of about 40 km from west to east and occupies an area of 196.7 km 2 (Correns, 1976) . Its salinity is relatively low (5%o) and is subject to seasonal and interannual fluctuations owing to freshwater inflows and its connection to the Baltic sea (Zettler et al., 1995) . Although the mean depth at Station A was 0.6 m, the sediment was also exposed occasionally at this station. The biotic and abiotic parameters are given in Table 1 . To measure the dispersion, an area of 30.25 m 2 at Station A was divided into 121 subunits with an area of 0.25 m 2 each (Fig. 2 ). Samples were collected by corer (78.5 cm 2 • 35 cm deep) from the centre of each subunit. To permit the investigation of smaller areas, an area measuring 1.44 m 2 was split into 36 subunits of 0.04 m 2 each, from which samples were taken with a smaller corer (21.65 cm 2 • 35 cm). All samples were sieved (0.5 mm mesh) and fixed in borax-buffered formalin.
Baltic Sea
Morisita's (1959)* method was used to analyse the two-dimensional distribution pattern, and the abundances found in the samples were used for the calculations. The indices were calculated for the original area and for the progressive addition (cumulation) of the subunits to form squares (n 2 for n = 1 to 5). The cumulation of the separate areas began with A1 (Fig. 2) . Lloyd (1967) and Iwao (1972) have published different methods * Morisita {1959):
n = number of subunits; N = number of individuals in the whole area; Xi = number of individuals in the subunits I(~l < 1 uniform distribution; I(~) = 1 random distribution; Its) > 1 patchy distribution FI~-n = (I(51 " (N-l) + n-N)/(n-1)
If the left term is smaller than the right term for F(p;fl;f2) then p <0.01 or 0.05 Table 2 . Dispersion analyses after Morisita (1959) , Lloyd (1967) for calculating dispersion indices. Lloyd's (1967) "index of patchiness" is practically identical to the Morisita index and yields no additional information (Burla et al., 1974; Patil & Stiteler, 1974; Pielou, 1969 Pielou, , 1977 . The results are compared in Table 2 .
In Morisita's (1959) method, the dispersion indices are plotted versus the corresponding areas. This curve shows the "patch sizes".
The authors also calculated Cliff & Ord's (1973 , 1981 spatial autocorrelation, a method validated and introduced by Jumars et al. (1977) for analysing spatial autocorrelations of abundances in the marine benthos. The spatial autocorrelation expresses the dependence of the magnitude of a variable (in our case the abundance in a field) on the size of the same variable in geographically adjoining locations (Sokal, 1979) . The indices calculated for all possible combinations of fields (joins) for each distance k (number of fields) are a measure of the correlation between the abundances in all fields with the distance k (Brey, 1989; Jumars et al., 1977) . Both Moran's and Geary's indices for these calculations (Cliff & Ord, 1973 , 1981 Jumars et al., 1977) were used. Moran's index I is influenced by each deviation from the mean and by the location of extremes, whereas Geary's c is a measure of the equality of adjoining abundances as a function of the distance (k) between the fields (Sokal, i979) . By plotting the indices versus the distances between fields in a correlogram, the results can be interpreted to yield the distribution pattern and the patch sizes.
The value of I varies between -1 (perfect negative autocorrelation) and + 1 (perfect positive autocorrelation). The transformation c --(-1 -c) + 1 was applied to Geary's index to permit both parameters to be plotted side by side. Brey (1989) and Sokal (1979) used similar transformations. In our case, c < 0 means a negative autocorrelation, c = 0 means no autocorrelation, and c> 0 means a positive autocorrelation. Since the distributions of both Moran's I and Geary's c are asymptotically normal, it is possible to use the normal standard distribution and to test for significant differences (Chff & Ord, 1973; Brey, pers. comm.) After calculating the autocorrelation, we also analysed the correlations between the rank numbers of subpopulations and different species using Spearman's rank correlation coefficient (Sokal & Rohlf, 1981 ). Reise's (1979) "rotation method" was used to describe spatial interactions between subpopulations (adult and juvenile Marenzelleria viridis) and between M. viridis and chironomids, and to permit comparison with Spearman's rank correlation. This involves calculating first the "index of patchiness" (Lloyd, 1967) for the real distributions (C) of two subpopulations that are being compared (addition of the abundances in the fields concerned), whereby one pattern is rotated through 90 ~ 180 ~ and 270 ~ and the index (C(rl) is calculated again for each of these angles. The mean of the indices for the rotated distributions and the standard deviation are then calculated. If no correlation exists, the indices for the real and rotated distributions will not differ significantly. The correlation is positive for C > C(r) and negative for C < C(r ).
RESULTS

Dispersion analysis Adult Marenzelleria viridis
The abundances of adult M. viridis are shown in Figure 3 . The distribution of the polychaete was distinctly patchy (I(,~)> 1, p < 0.01) in both the large and small grids. The same result for each cumulation of grid squares (1 m 2, 2.25 m 2, 4 m 2, 6.25 m 2) was obtained ( Table 2 , Fig. 4) .
Analysis of the spatial autocorrelation yielded no significant values for the small grid (Table 3 Table 2 for further information on significances distances k=l and k--3 in the large grid (Table 4 , Fig. 5 ). A significant negative correlation was found at the greatest possible distance (k=10).
Juvenile M. viridis
Patchiness was also evident in the horizontal distribution of juvenile M. viridis (Table 2 , Figs 6, 7). Dispersion analysis by Morisita's (1959) method for the large grid indicated a significantly patchy distribution up to the fourth level of cumulation (6.25 m2). In the small grid, the distribution of M. viridis juveniles was significantly patchy (p < 0.05) only for areas of 0.16 m 2.
Analysis using Cliff & Ord's (1973) method yields no significance in the small grid (Table 3 , Fig. 8 ). In the large grid, significant positive autocorrelations for field distances up to k=3 and exclusively negative autocorrelations for greater distances between fields (Table 4 The spatial autocorrelation situation was similar to that for h//. viridis juveniles. No significant autocorrelation was found in the small grid (Table 3 , Fig. 11 ). Significant positive autocorrelations existed up to a distance between fields of k=3. Negative autocorrelations were found for the joins at distances of k=6 to 10 between fields (Table 4 , Fig. 11 ).
Chironomids
The chironomids belonged to the Chironomus plumosus and Ch. halophilus complexes. Significant patchiness was revealed at all cumulation levels (0.25 to 6.25 m 2) in the large grid by Morisita's (1959) method (Table 2, Figs 12, 13) . In the small grid the distribution was not patchy but uniform or random.
The spatial autocorrelation was also analysed for the chironomids. Significant positive and negative values were found only for field distances of k=2 and k=6 respectively in the large grid (Table 4 , Fig. 14) .
Rank and abundance correlation
Spearman's rank correlation Calculation of Spearman's rank correlation revealed a significant relationship (p < 0.01) between the distributions of adult and juvenile M. viddis (Table 5 ). In addition, a significant positive correlation (p < 0.001) between the whole M. viridis population and the chironomids was found. Although no rank correlation was found between adult M. viridis and chironomids, the correlation between juvenile M. viridis and chironomids was positive at the p<0.001 level. Table 2 for further information on significances Table 3 . Cliff & Ord's (1973) Tables 3 and 4   Table 4 . Cliff & Ord's (1973) Ul 10 1 11~ 6 3 U !15 13 14 13 5 8 solid characters significant at the p < 0.05 level. For further information on significances, see Table 2 0.2 The results achieved by this method are shown in Table 6 . In a comparison of the adult and juvenile M. viridis populations, the quotient m*/m (the value C) for the real distribution was significantly larger than the value Cir ) for the rotated distribution. The correlation between the two subpopulations was therefore positive.
Dispersion patterns of
This procedure revealed no correlation between adult M. viridis and chironomids, but, like the Spearman rank coefficient, it did prove a positive correlation between both juvenile A/l. viridis and the entire M. viridis population on the one hand and chironomids on the other. (Patil & Stiteler, 1974; Pielou, 1977; Clark & Evans, 1954; Trueblood, 1991) . Existing distribution patterns are the result of the interactions of organisms with their environment (Lloyd, 1967; Dankers & Beukema, 1981) , for instance through competition (Jumars, i975; Levin, 1981 Levin, , 1984 , reproduction and colonization (Butman, 1987; Jumars & Eckman, 1983) and predation (Reise, 1991) .
The starting point for the present study was an investigation into the colonization of inland coastal waters of the South Baltic by Marenzelleria viridis (Zettler et al., 1995) . Knowledge of the small-scale horizontal distribution of this spionid is needed for more far-reaching studies into its migratory behaviour and interaction with the indigenous macrofauna. In his first description of the species, Verrill (1873) drew attention to the uneven distribution of M. (Scolecolepides) viridis: "It is so gregarious that in certain spots hundreds may be found within a square foot, but yet a few yards away, on the same kind of ground, none whatever may be found." The considerable variation he observed in M.
viridis abundances led us to suspect that it would be patchy, and our methods enabled us to show that "patchiness" is indeed characteristic of its distribution. Brey (1989) and Eckman (1979) noted that other spionids (Pygospio elegans, Pseudopolydora kempi) are also patchily distributed. Levin (1981) reported that the distributions of the spionids Pseudopolydora paucibranchiata and Streblospio benedicti are respectively uniform and random and concluded that this was a result of their territorial behaviour (inter-and intraspecific competition).
The spatial autocorrelation shows clearly that the distribution was independent of extreme values (Brey, 1989; Cliff & Ord, 1973 , 1981 Sokal, 1979) . The patch size was heterogenous. The diameter of the first one found was about 1 m (k=l), while the second was about 3 m (k=3). Studying the dispersion of intertidal communities on soft bottoms, Eckman (1979) interpreted Chatfield's autocorrelation for species such as Manayunkia aestuarina and Pygospio elegans as meaning that smaller patches are due to exogenous factors (sediment bars).
The smallest patches of juvenile M. viridis found had an area of 0.25 to 0.36 m 2. No patch of maximum size according to Morisita's (1959) method was found.
Juvenile M. viridis exhibited a significant spatial autocorrelation (Moran's I) up to a field distance of k=3. However, Geary's c was no longer significant at this field distance. Therefore, we may conclude that the patch size was between 4 and 9 m 2. However, it is also conceivable that smaller patches merge to form larger aggregations.
The results of our analysis of the whole M. viridis population were similar to those for the juvenile subpopulation: the population was patchily distributed, but Morisita's method revealed no particular "patch size".
The spatial autocorrelation also yielded a picture similar to that shown by juvenile M.
viridis. The patch size in this case was estimated to be about 9 m 2. The chironomids were also found to be patchily distributed with no specific maximum patch size. The minimum patch size can be assumed to be about 0.25 m 2. Titmus & Badcock (1981) found no patchiness among Chironomus spp., but reported that the distributions of the chironomid genera Polypedilum, Prodadius and Tanypus resembled those we found. In our analysis of the spatial autocorrelation, significant relationships only for k=2 and k=6 were found. The area of the patches was around 4 m 2, but comparison with other methods suggests in this case, too, that smaller patches merge to cover larger areas.
The variability in the spatial distribution of M. viridis is probably due to sediment structure (relief). The species was most commonly found on slight elevations (5 to 10 cm) in the substrate and rarely, if at all, in "valleys". There are three possible explanations for this.
(1) The "hills" are a result of bioturbation and burrowing by M. viridis itself. These spionids line their burrows with slime and even erect a low wall around the entrance (Zettler et al., 1994) . For a density of 8000 ind./m 2, a mean burrow diameter of 2 mm and a penetration depth of 30 cm, the amount of sediment excavated would be 7.5 1/m 2. Even if it is less, burrowing activity can be expected to have some impact on sediment structure.
(2) The activity of the animals could contribute to the compaction and thus the "trapping" of sediment. This would make the patch less prone to erosion and encourage the accumulation of sediment. Other burrowing polychaetes are known to increase sediment strength {Fager, 1964; Sanders et al., 1962; . Brey (1989) , however, pointed out that Eckman et al. (1981) postulated a destabilizing effect of burrowing animals on the sediment as a result of purely physical considerations. For large burrow diameters (> 1 ram) on the other hand, reduced erosion can be observed due to a reduction in turbulent flow (protruding burrow mouths). In contrast, Eckman et al. (1981) , Brey (1989) , and other authors believe that bacteria, diatoms and filamentous algae producing slime that glues sediment particles together might play a more significant role in this respect. The nutrients produced by burrowing macrofauna, from the sediment (irrigation), may promote the growth of microfauna and microflora (Aller, 1980) . Brey (1989) suspects that the burrows themselves may act as scaffolding or form slime-stabilized sediment. "Hills" created in this way could therefore be centres of attraction for benthic suspension and substrate-feeders.
(3) Abiotic factors such as wave action can give rise to the formation of a substrate relief, the "hills" of which attract both polychaetes and chironomids. The "burial" of depressions due to sediment transport and redeposition would likewise affect colonization patterns (Maurer & April/, 1979) . Naturally, interactions between these factors are also possible.
Various studies have shown that benthic species show preferences for specific sediment types (e.g. K.inner et al., 1974; Meadows & Campbell, 1972) . Sediment preferences, besides salinity and competition, also influence the distribution of M. viridis (Zettler et al., 1995) . Like Verrill (1873), Essink & Kleef (1993} and Atkins et al. (1987) , we have observed that adult specimens show an affinity for sandy substrates. In comparative studies, for instance, we counted mean abundances of around 2000 ind./m 2 at Station C (mean grain size = 0.29 ram, organic content = 1%, water content --28 %) compared with only about 200 ind./m 2 on the average in the muddy sediment at Station B (mean grain size --0.23 ram, organic content = 2 %, water content = 35 %) only 10 m away. The highest abundances in our investigation area were found on sandy substrates (Zettler, 1993; Zettler et al., 1995) .
The positive rank and abundance correlations found in this present investigation indicate that attraction centres exist. The previously mentioned affinity of M. viridis for sandy substrates is definitely the decisive factor because the sediment surface in the "valleys" is muddy owing to the accumulation of detritus, and oxygen consumption may also be higher there. Apart from the inhibitory effect of colonization by burrowing animals on settlement by juveniles of other benthic species, Gallagher et al. (1983) also drew attention to a positive effect. Studying patchy distributions of Hobsonia florida and Tanais spp., they found positive correlations with various organisms. Burrowing animals seemed to encourage the re-colonization of defaunated substrates. Sarda et al. (1995, and pets. comm.) referred to M. viridis as a cold-tolerant opportunist which precedes and encourages colonization of substrates by other benthic evertebrates after defaunation by ice action. Encouragement of this kind can actually be expected in view of the positive correlation between the distributions of M. viridis and chironomids. However, significant correlations with chironomids were found only for juvenile 5//. viridis. This would be explained by the previously mentioned production of nutrients, by the burrower M. viridis, from the sediment which promote the growth of microorganisms serving as food for chironomids (Aller, 1980; Johnson, 1987) . Kajak (1987) reported that faeces encourage chironomid growth, and faeces from M. viridis could be a good substrate for microorganisms.
Further, the positive patch correlations indicate principal suspension feeding, while surface deposit feeders have negative correlations between age groups or are territorial. According to Dankers & Beukema (1981) , the principal factors governing the distribution of benthic organisms in estuarine systems are water motion, temperature, tide, sediment type, salinity and biotic factors. Correspondingly, the factors that might possibly explain the positive rank and abundance correlations between 5//. vin'dis and chironomids, and the patchiness of the former could include:
(1) centres of attraction (e.g. "hills") created by abiotic or biotic activity; (2) similar or identical food requirements (organic matter, particle size) for these suspension and detritus feeders (Dauer et al., 1981; Polzin, 1988; Johnson, 1987; Reise, 1979; Sanders et al., 1962) ; (3) predation by fish (Reise, 1991; Woodin, 1982) ; (4) mortality among senile M. viridis; (5) the possible emigration of adult Nl. viridis due to poor living conditions (food, oxygen, mud accumulation, competition) or for reproduction. Essink & Kleef (1993) reported that adult and juvenile worms prefer different sediments, and our observations confirm this report. The highest abundances of juveniles, having between 15 to 40 segments, were reached on muddy substrates (Zettler et al., 1995) , and Reise (1991) observed that juvenile Arenicola marina settled mainly in socalled "nurseries" away from the adult populations and did not move on to areas populated by adult animals until they had reached a certain size. Unfortunately, the juvenile M. viridis specimens used in our dispersion studies had a mean segment number of 70 and already exhibited an affinity for sand.
It is not known whether adult M. viridis influence the settlement of planktic larvae. However, Dauer et al. (1981) reported that respiratory currents caused by M. viridis draw the larvae of other spionids (Streblospio benedicti) into their burrows and thus negatively affect settlement. Tamaki (1985) also reported that the spionid Pseudopolydora paucibranchiata negatively influences the settlement of larval Armandia spp. and that ophelid larvae settle preferentially in areas where the spionid population density is relatively low. Levin (1982) has observed interspecific aggression between the spionids IVI. viridis, Polydora ligni and Spio setosa. Other spionids (Polydora figni, P. ciliata) are known to ingest planktic larvae (Breese & Phibbs, 1972; Daro & Polk, 1973) . In view of these reports, it seems quite possible that adult M. viridis have a negative intraspecific effect on settlement by larvae and juvenile benthic forms; a report which we were unable to verify.
Since only three taxa occur in our investigation area, we were unable to study the distribution of M. viridis in areas with a more diversified fauna. However, the effects of macrozoobenthos representatives exhibiting territorial and predacious behaviour (Hediste diversicolor) on the distribution of the spionids will be the subject of future investigations.
